Purpose It is not yet known if unicompartmental knee arthroplasty (UKA) patients are more likely to return to work sooner or have improved ability to work (i.e., workability) than total knee arthroplasty (TKA) patients. The following questions were addressed: patients were assessed to determine: (1) whether they returned to work sooner following UKA compared to TKA; (2) whether UKA patients had better WORQ function scores compared to TKA patients; and (3) if UKA patients have higher workability scores and greater satisfaction regarding workability than TKA patients. Methods A multicenter retrospective cohort study was performed that included patients at least 2 years after having undergone either UKA or TKA surgery and on the condition that patients had been in work in the 2 years prior to surgery. Time period between stopping work and returning to work was assessed; the WORQ scores (0 = worst-100 = best) and the Work Ability Index (WAI = 0-10) and reported satisfaction with work ability. Results UKA patients (n = 157, median 60 years, 51% male) were compared to TKA patients (n = 167, median 60 years, 49% male) (n.s.). Of the 157 UKA patients, 115 (73%) returned to work within 2 years compared to 121 (72%) of TKA patients (n.s.). More UKA patients return to work within 3 months (73% versus 48%) (p < 0.01). WORQ scores improved similarly in both groups. The WAI was also comparable between the groups. Dissatisfaction with workability was comparable (UKA 15% versus TKA 18% (n.s.). Conclusion TKA and UKA patients have similar WORQ, WAI, and satisfaction scores. However, in this study population, UKA patients to return to work after surgery significantly sooner than TKA patients, which improves their quality of life and allows them to participate actively in society. This information can help health care providers and patients weigh-up the pros and cons and choose the best treatment and timing for patients in the working population. Level of evidence III.
Introduction
Knee arthroplasty is highly effective in treating pain caused by osteoarthritis of the knee [3] . However, recently, it was found that total knee arthroplasty (TKA) has a less positive impact on return to work than expected; in fact, one-third of patients do not return to work [14] . TKA does allow carrying out some knee-burdensome work activities, but a considerable percentage of TKA patients reported impaired ability to work and that they were dissatisfied with their level of ability to work. This is important as active work participation is an important factor in enhancing patients' quality of life and it gives structure to day-to-day life [47] .
In the 1970s, the medial unicompartmental knee arthroplasty (UKA) was introduced. The UKA is a less invasive procedure and an attractive alternative to TKA, because the natural biomechanics of the knee are largely preserved, whereas in (TKA), the anterior cruciate ligament is sacrificed and the biomechanics change substantially [20] . This might contribute to better postoperative clinical outcomes following UKA compared to TKA [29] . Recently, it was also reported that UKA yields better range of motion than TKA in patients less than 65 years of age [15] . Furthermore, less intraoperative complications such as blood transfusion, stroke, thromboembolism, and myocardial infarction have been reported for UKA [23] . UKA shows promising results in increasing speed of recovery and outpatient surgery programs with good satisfaction and high activity levels [46] . Therefore, UKA is expected to improve patients' return to work and so reduce loss of productivity for society.
The absolute number of primary TKA currently being performed is increasing and expected to rise exponentially [3, 21, 32] , largely due to the obesity epidemic. Because knee arthroplasty (KA) is being performed on younger people, while, at the same time, the age for retirement is predicted to rise in The Netherlands and other western countries, KA patients are more likely to be of working age at the time of surgery. Furthermore, the number of UKA's being implanted is increasing at a higher rate than that of TKA [33] .
If there is more detailed knowledge about the impact of UKA on work, patients and doctors can make more informed decisions about whether UKA or TKA is the most appropriate choice to increase the ability to participate at work. It is hypothesized that UKA patients return to work sooner have better WORQ scores and higher workability and satisfaction levels than TKA patients. Therefore, the questions addressed in this study are: (1) do patients return to work sooner following UKA compared to TKA; (2) do UKA patients have better WORQ function scores compared to TKA; and (3) do UKA patients have higher workability scores and satisfaction regarding workability than TKA patients?
Materials and methods
The materials and methods were the same as a previous study on TKA patients performed by the same research collaboration [13, 14] . The Medical Ethics Review Committee of the Amsterdam University Medical Center deemed that the Medical Research Involving Human Subjects Act (WMO) does not apply to the study and official approval was not required. (Part of return to work initiative, approval ID W13_019# 13.7.0037).
In short, a multicenter cross-sectional study was performed in which the survival of the Vanguard TKA (Zimmer Biomet Inc., Warsaw, Indiana, USA) was assessed, since start of use both for survival as well as return to work. This TKA study was performed in two large teaching hospitals in The Netherlands, the Amsterdam UMC-location Academic Medical Center (AMC) in Amsterdam and the Amphia Hospital in Breda. In this present cross-sectional study, in addition, data on UKA patients from the Amphia Hospital were collected. The AMC does not perform the UKA procedure. The Medical Ethics Review Committee again deemed that the Medical Research Involving Human Subjects Act (WMO) did not apply to this study and official approval was not required. All patients did provide informed consent. The newly gathered data from the UKA patients and were compared to the data from the above-mentioned study on TKA performed in the same centers in The Netherlands using the same methods [13, 14] . The goal of this study is to inform health professionals about work ability and return to work following UKA. As little is known about the topic, all TKA patients from the same centers, in the same period with the same data, are shown for the purpose of reference.
Patient population
As little is known on return to work in UKA patients, the goal was to include as many patients as possible in the study period to have a comparable group size as the TKA study (n = 167). All patients who received a primary Oxford UKA (Zimmer Biomet Inc., Warsaw, Indiana, USA), since the start of use in January 2003 until January 2012 that also had a follow-up of at least 2 years was approached. The indication for UKA was anteromedial osteoarthritis with intact cruciate and collateral ligaments. Similar as in the TKA study, they had to have work (paid or voluntary) within 2 years prior to surgery. For all patients, the following characteristics were collected: age at operation, sex, body mass index (BMI), diabetes, smoking status, admittance period, and ASA classification.
All patients who were still alive at follow-up were sent an invitation with a reply form to participate either via a webbased questionnaire or a paper-based questionnaire. Patients who were deceased were excluded. They could also respond by replying that they did not want to participate. Nonresponders were contacted by phone at least twice after the first invitation. If no contact was established, the remaining non-responders were sent a paper questionnaire once more.
A link to a digital questionnaire was sent to the e-mail address supplied by the patient. Patients were given a personal code to ensure anonymity of their Internet questionnaires. The use of this code meant that no medical information could be traced back to the patient without the code file that was stored on a secure in-house server.
Paper-based questionnaires were sent to the patients' home address. After completing the questionnaires, patients were asked to return them in the stamped addressed envelope provided.
Impact on work
First, all patients were assessed for baseline characteristics. As mentioned previously, only patients who reported that they had been in work during the 2 years prior to surgery were asked to fill out the full questionnaire. The survey contained three sections. The first section contained questions on the type of job, the time when patients stopped working pre-operatively, the time when patients returned to work post-operatively, changes in the kind of physically demanding tasks following surgery (less, the same, or more), changes in working hours (less, the same or more), the type of job performed 2 years after surgery, and if patients stopped working, what the reason was for stopping (for instance retirement, knee complaints or other health complaints).
If job descriptions were reported in enough detail, patients were categorized independently by two occupational health experts with respect to knee-burdensome activities into: light work, medium work, or heavy work. Both experts were experienced in performing systematic real-time task analyses in the workplace to assess the physical demands of work in different occupations. The classification by experts into light, medium, and heavy work was performed using the evidence-based exposure criteria for work relatedness of knee disorders of The Netherlands Center for Occupational Diseases [19] . If disagreement existed, this was resolved by discussion between experts. Examples of jobs classified as light work are a hairdresser or receptionist; examples of medium work are lorry drivers or household workers, and examples of heavy work are bricklayers or farmers.
The second part of the survey consisted of the previously validated Work, Osteoarthritis, or joint-Replacement Questionnaire (WORQ) [12] . The WORQ was tested for internal consistency by factor analysis resulting in two main factors, "Knee coordination", and "Strenuous knee flexion" that both had high reliabilities, with Cronbach's α of, respectively, 0.90 and 0.85. Cronbach's α for the total score was 0.90. A test-retest reproducibility was performed for analyzing standard error of measurement (SEM agreement which was 3.43), reliability (ICC was 0.97), and smallest detectable change (SDC) in individuals (being 9.52) and groups (being 1.42). Finally, responsiveness was analyzed and reported by standardized response means (SRM was 0.70), and floor (less than 1%) and ceiling (8.8%) effects were deemed absent, as it was less than 15% and interpretability as minimal important change (MIC was 13) [12] . The survey contained questions to assess difficulty in performing knee-burdensome work activities at three points in time. This were: (T0) before the knee problems arose (T1) within 3 months before UKA or TKA and (T2) at 2 years after UKA or TKA. The WORQ score resulting from the sum of these difficulties ranges from 0 (worst score) to 100 (the best score, no difficulty at all) and showed the impact of UKA or TKA on knee-burdening activities in those patients who did return to work.
The third section of the questionnaire contained the single item: 'current physical work ability' from the Work Ability Index (WAI [41, 42] ) on a scale from 0 'completely unable to work' to 10 'work ability normal'. Patients were also presented with the statement-I am satisfied with my ability to work with respect to my TKA or UKA-and were asked to choose one of the following answers: strongly disagree, disagree, neither agree nor disagree, agree, and strongly agree. Their answer was scored, respectively, 0-4 on a Likert scale.
Statistical analysis
Standard descriptive statistics were used to describe demographic data and baseline characteristics. For normally distributed variables, unpaired t tests were used to compare the UKA and TKA groups. Mann-Whitney tests were used for continuous non-normally distributed variables and Chi-square tests for dichotomous variables to test for differences between TKA and UKA patients at baseline. The effectiveness of UKA in reducing patients' difficulty in performing specific kneeburdensome activities was evaluated. The results are given in percentage of score improvement between 3 months before the UKA (T1) and 2 years after UKA (T2) and sorted from most improvement to least. The difference in scores between T1 and T2 was tested non-parametrically with paired testing. All analyses were done using SPSS 25.0 statistics software (IBM, Armonk, New York, USA). A P value < 0.05 was considered statistically significant.
Results
Of all, TKA patients from both hospitals resulted in 807 suitable to approach. The 764 patients who were still alive received an invitation to participate, 558 (73%) responded, 78 patients declined, and 480 filled out a questionnaire. This resulted in a group of 167 TKA patients with work within 2 years prior to surgery-median 60 years, range 40-84, 49%:51%, respectively, male:female. Of the 501 eligible UKA patients, 52 patients had since died, and 449 were approached of which 315 (70%) responded. Fifty-two patients declined and 263 filled out a questionnaire. This resulted in a group of 157 eligible patients with work within 2 years prior to surgery-median 60 years, range 40-83, 51%:49% male:female. Baseline characteristics and comparison between groups are given in Table 1 .
From the 137 interpretable job types in the TKA group, 66 (48%) performed light work, 44 (32%) performed medium work, and 27 (20%) performed heavy work regarding knee-burdening work-related activities [14] .
The job types performed by UKA patients before surgery that could be classified were as follows: n = 110 divided into 58 (53%) light work, 30 (27%) medium work, and 22 (20%) heavy work in the sense of knee-burdensome activities.
Stopping and returning to work
Of all 157 UKA patients, a total of 117 (75%) returned to work. Notably, of these 117 patients, 32 (27%) returned within 4 weeks and a further 85 (73%) within just 3 months (Fig. 1) . Of all, 167 TKA patients 122 (72%) returned to work but only 8 (7%) returned within 4 weeks and only a further 59 (49%) within 3 months (Fig. 2) . The % of patients who eventually returned to work after 2 years was almost the same for both groups. However, the UKA patients returned to work significantly sooner than TKA patients (p < 0.01).
Changes in physical burden at work
Of the 117 UKA patients who returned to work, 18 (15%) had a less, 58 (50%) an equally, and 17 (15%) a more physically demanding job after UKA. In addition, 15 (13%) of Of the 40 patients who did not return to work, six (15%) patients blamed their UKA (compared to 11% of TKA patients [14] ), 21 (53%) patients had retired, 5 (13%) blamed other physical complaints, and 4 (10%) reported other reasons. Most patients returned to the same job (TKA 82% and UKA 75%).
Overall, in both groups, at 2 years after surgery, patients experienced significantly less difficulty performing activities compared to the 3 months prior to surgery (P ≤ 0.01). Median WORQ scores improved similarly between the two groups from 56 to 77 (+ 21) for UKA versus 54-71 (+ 17) for TKA patients, and post-operative scores did not differ significantly (n.s.). Improvement in scores for specific activities is given in Figs. 3 and 4 , and differences were non-significant.
Patients' opinion about their physical ability to work
The median WAI was 8 for UKA patients (IQR 5-8) and 7 for TKA (IQR 5-8) (n.s.). Of UKA patients, 12% were dissatisfied with their ability to work compared to 17% of TKA patients (n.s.).
Discussion
The most important outcome of this study is that, following surgery, UKA patients are able to return to work significantly sooner than TKA patients, even though both groups have similar WORQ, WAI, and satisfaction scores. This is important, as active work participation is an important factor in enhancing patients' quality of life, mental well-being, and gives structure to day-to-day life [47] . A literature search was performed to find what other studies reported about 'return to work' after UKA. The search terms "return to work" AND ("Unicondylar Knee Replacement" OR "Unicompartmental Knee Arthroplasty" OR "Knee Arthroplasty, Unicondylar" OR "Knee Replacement, Unicompartmental" OR "Unicompartmental Knee Replacement") were used and the search produced 35 studies. Our study is the first large study to report on return to work in a large group of UKA patients in comparison with TKA patients. Furthermore, none of the studies we looked at described the impact of UKA on specific knee-burdening activities, so our results could not be compared to other studies. One recent study reported a mean return to work of 6.4 weeks (SD = 3.4) in patients following robotic-assisted UKA [10] , and this seems similar to our results (27% at 1 month, 73% at 3 months). A further analysis that can be done is to compare results with previously reported outcomes of TKA and return to work. In Table 2 , a summary is given of all studies reporting on patients returning to work after either UKA or TKA as well as the time of return to work, if reported. It seems that patients who return to work following surgery return sooner after UKA than after TKA.
The impact of surgery on the difficulty patients experienced performing knee-burdensome activities, was clear and we found that, also for UKA, surgery resulted in patients' scoring a level comparable to the period before their knee complaints started. UKA can be considered to contribute to improving the ability to work. Known advantages of the UKA over the TKA are a lower risk of complications [23] , better range of motion [15, 27] , and better PROMs [24] . On the other hand, there is an ongoing debate about the use of UKA because of data registry that shows a lower survival rate of the implant after UKA compared to TKA [15, 17, 31] . It seems that for a definitive one-step treatment, TKA would be superior. The lower threshold for revision and the insufficient number of suitable surgeons might be an explanation for this for the difference in revision rates [24] . Apart from the physical and quality-of-life advantages of UKA over TKA, cost-effectiveness is also important in the light of an increasing financial burden on society, as the number of arthroplasties increases. Despite the poorer survival rate of a UKA device compared to a TKA, cost-effectiveness studies seem to favor UKA [37, 45] . These studies are limited to costs of the procedure and its complications and/or revisions; unfortunately, sick leave was not included. Where there is no preference to either TKA or UKA, and there is surgical expertise available to assess the indication and perform UKA, it seems that there is evidence for better outcome in the working population at least with respect to midterm results and speedier return to work, despite the higher chance of revision surgery 10 year follow-up.
Recently, it was found that the combined loss of productivity plus medical costs for conservatively treated symptomatic knee osteoarthritis for those in paid employment in The Netherlands amounts to €871 per patient per month, with loss of productivity accounting for 83% and medical Fig. 2 Time when patients resumed work after uni and total knee arthroplasty in % costs for 17% [8] . Returning to work sooner can potentially benefit not only patients of working age but also employers and, ultimately, society as a whole by reducing costs related to sick leave and quality of life. Thereby, the costeffectiveness of UKA surgery could increase further from society's perspective when compared to TKA, at least during working life and if there is a similar indication. Furthermore, patient expectation can be steered with respect to the results of this study. TKA patients benefit least if their work requires mainly kneeling, crouching, and clambering. UKA patients benefit least if their work requires kneeling, crouching, and pushing or pulling. Kneeling and crouching improvement was similar for both TKA and UKA. The results for both procedures imply that patients whose work requires crouching or kneeling on the ground, for instance, plumbers, floor layers, and gardeners should be warned that knee replacement might relieve the pain, but will only marginally reduce difficulties y in performing these tasks. For TKA patients, it might be, because a TKA has a limited range of movement (ROM) compared to a normal knee. UKA patients tend to have better flexion, but do not score better on performing difficult tasks than TKA patients. In our previous report on the questionnaire, a clinically significant improvement was an improvement of at least 13 points on the WORQ questionnaire. Therefore, as an overall group, both TKA and UKA patients report a clinically relevant improvement of their WORQ scores. The patients who benefit most from knee Fig. 3 Mean difficulty scores for specific knee-burdening activities at three intervals: T0 (before the knee problems arose); T1 (within 3 months before TKA) and; T2 (at 2 years after TKA). Scale 0-100 with 95% CI, for T0, T1, and T2-dimmed bars: red bar % score improvement between T0 and T2 replacement are those whose work involves operating a vehicle, or who have a job that involves periods of standing or walking on level ground. For these activities, the ROM is less important, whereas pain reduction is likely to play a more important role.
No difference was found with respect to WAI to describe physical work ability. One would expect UKA patients to have a better WAI, as recovery is sooner, and possibly, ROM is better. The fact that no difference was found coincides with the more reliable WORQ scores, which also did not differ significantly. There might be a trend towards overall slightly better scores, be it said not significant, for different aspects for the UKA group. As trends to superiority are found across different variables, the study might just be underpowered to find these differences. To the statement-I am satisfied with my ability to work with respect to my TKA or UKA-30 (17%) TKA patients stated that they were (strongly) dissatisfied compared to 19 (12%) UKA patients. These percentages seem higher than reported in the previous literature, where 8% of overall patients are dissatisfied with the outcome at 2-17 years [34] . It might be that with respect to the ability to work, patients are less satisfied with the result of TKA or UKA.
A limitation is the retrospective nature of reports by patients about their 'return to work'. Hence, there is a potential for recall bias in the overall results. This is why categories were made with respect to the time interval for return to work instead of an exact amount in weeks or months. It is assumed that patients are able to assess work specific tasks at three different and distinct time points. As the same Fig. 4 Mean difficulty scores for specific knee-burdening activities at three intervals: T0 (before the knee problems arose); T1 (within 3 months before UKA); and T2 (at two years after UKA). Scale 0-100 with 95% CI, for T0, T1, and T2-dimmed bars: green bar % score improvement between T0 and T2 Table 2 Return to work following total knee arthroplasty (primary, revision or uni-knee arthroplasties) according to other studies methods were used for both the TKA and UKA group, this is unlikely to influence comparability. In future research, the questionnaire should be given to patients pre-operatively and at regular follow-up moments to generate more precise results. The WORQ is validated for TKA patients, not yet specifically for UKA patients. However, as the construct is very much the same, it is assumed that the WORQ is equally valid for UKA patients, although the minimal clinical important change might differ between these two groups given their expectations pre-operatively. A validation study for the WORQ in UKA patients is currently being performed. Furthermore, there are similarities, but also differences in indication for TKA and UKA.
In the previous study, the average age of TKA patients was slightly younger than that of the general population of patients undergoing TKA [14] . This is probably due to the fact that the two involved centers are tertiary referral centers for advanced osteoarthritis in younger patients as well as severe post-traumatic deformities. Therefore, it would be good to repeat such a study in a more general primary population too.
In general, UKA patients have a more limited, anteromedial osteoarthritis and tend to be younger. Furthermore, the ACL must be intact. Surgery itself is less invasive and the wound and exposure are more limited leading to less blood loss. Rehabilitation time is generally shorter due to these differences. Therefore, it cannot be concluded based on this study that if all TKA patients would have undergone UKA surgery, they would have returned to work sooner. To answer such a question a randomised design would be needed, where patients with anteromedial osteoarthritis with an intact ACL would be allocated either to UKA or TKA surgery. The fact that UKA patients in this study return to work sooner is, therefore, multifactorial and not simply addressable to the type of prosthesis choice alone.
The patient group in The Netherlands was considered large and varied enough to give a representative picture of the impact of TKA and UKA on 'return to work'. The exact same methods were used to collect and analyse patient data for both the TKA and UKA group to make sure collection bias was minimal. The period in which the procedures were performed were the same to reduce possible time-bias. To ensure that the results are adequate and interpretable, the validated WORQ questionnaire was used. The purpose of the WORQ was to obtain an adequate range to discover which of work-related activities remain difficult to perform and which benefit most from TKA. The WAI was introduced in 1997 [41, 42] and has been proven reliable [5] and the single item has a moderate predictive validity for return to physically demanding work [18] .
It continues to be increasingly important for society that people are able to work longer. As stated before pension, funds suffer because of lower contributions from a decreasing work force, while the burden to pay out increases as a greater proportion of the population retire and pensioners live longer. As patients who undergo UKA return to work significantly sooner than TKA, in case of a working patient with a similar indication for both procedures, UKA should be chosen. This will save costs, both in loss of productivity as well as medical costs. It will be useful to find out more about differences in predictors for adequate 'return to work' and if there are differences between TKA and UKA in limitations that patients perceive in their work with respect to their knee function.
Conclusion
TKA and UKA patients have similar WORQ, WAI, and satisfaction scores. However, UKA patients return to work after surgery significantly sooner than TKA patients in this study population, which improves their quality of life and allows them to participate actively in society.
